A group is a set G (finite or infinite) with a binary operation . such 
that the operation is 

1 . Closed within G (a.b belongs to G) 

2. Associative (a.b).c = a.(b.c) 

3. A unique identity element e exist such that a.e = e.a = a 

4. Every element 'a' has unique inverse a" 1 such that a.a 1 = a" 1 . a = e 
(a, b, c are elements of G) 

A group that is commutative as well (with a.b = b.a) is Abelian 
Group. 

Addition and multiplication over integers and real numbers are 

examples of infinite groups. 

Addition of numbers (modulo some number) is example of finite 

group. 

Order of group is number of elements within the group. 

Order of an element within that group is the smallest power of that 

element which gives the identity element of that group. 

Order of every element is always a divisor of the order of group. 

A generator is an element of a group whose order is equal to the 

order of that group. 

A cyclic group contains atleast one generator. 

A group F is a subgroup of G if a subset of elements of G forms a 
group. (The identity element of G should belong to F, for every 
two elements of F the binary operation should be closed within F, 
every element within F should have its inverse within F itself). 
The order of subgroup is always a divisor of the order of that 
group. 

Two groups H and G are isomorphic (similar) to each other if for 
every pair of elements we have that f(a.b) = f(a).f(b), where f(x) is 
some function that maps the elements of G to H. Some such 
function f(x) exists, note that two isomorphic groups should always 
have the same element order sequence (as two isomorphic graphs 
always have the same degree sequence). 



For example, the group formed by using addition of integers over Z 6 
is isomorphic to multiplication of non-zero integers over Z 7 , both 
are being cyclic with 6 elements, thus they need not be listed out 
twice at all. Also note that direct product of cyclic group of order m 
with cyclic group of order n (C m xC n ) is isomorphic to that cyclic 
group of order mxn (C mxn ) if in any case that m, n are being co- 
prime numbers. Again, note that Di xC 2 is rather isomorphic to D 2 o, 
and so is that group D 28 being isomorphic to D 14 xC 2 . 
Let's examine the structure of all distinct (non-isomorphic) groups 
that are being possible upto order of 31 elements. 
For finite groups with prime number of elements, only the trivial 
cyclic group is possible (that is formed by addition modulo that 
prime number of elements). All such cyclic groups that are formed 
are Abelian as well. 

When the order of group is less than 16, the cycle graph uniquely 
determines the group. In this case, two non-isomorphic groups of 
the same order (less than 16) have different cycle graphs. The 
order of the smallest group which is not isomorphic with another 
group of the same order, but have the same cycle graph is 16. In 
this case, since one of such groups is Abelian, and then the other is 
non- Abelian, thus we can immediately say that they are, of course, 
not isomorphic to each other at all. 

A normal subgroup N of group G is a subgroup of G such that for 
every element n in N, and for every element g in G, gng" 1 belongs 
to N. A group for which every subgroup is normal is known as 
Hamiltonian Group. The Quaternion Group of order 8 is the 
smallest group that is not Abelian, though every subgroup of it is 
normal. 
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C 3 , cyclic, identity element e = 0, element x = 1, x 2 = 2, x 3 = e 
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C 4 , cyclic, identity element e = 0, element x = 1, x 2 = 2, x 3 = 3, x 4 = e 
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Cycle graph 




C 2 xC 2 , abelian, identity element e = 0, Klein 4 group, a 2 = e, b 2 = e 
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C6, cyclic, identity element e = 0, a = e 
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D 6 , dihedral, identity element e = 0, a J = e, b = e, ba = a" b 
This group is isomorphic to S3, the symmetry group that is being formed by 
using permutations upon three elements. For n > 3, however notice that S n is 
never being isomorphic to that group D2 n at all. 
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C 7 , cyclic, identity element e = 0, a = e 
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C 8 , cyclic, identity element e = 0, a = e 
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D 8 , dihedral, nilpotent, identity element e = 0, a = e, b 2 = e, ba = a _1 b 
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C 2 xC 4 , abelian, identity element e = 0, a = e, b = e, ba = ab 
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Cycle graph 




C 2 , abelian, identity element e = 0, a = e, b = e, c = e, ab = ba, 
be = cb, ac = ca 
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Cycle graph 




Q 8 , nilpotent, dicyclic group, Quaternion Group, identity 
element e = 0, a 4 = e, b 2 = a 2 , ba = a _1 b 





e 


a 


a 2 


a 3 


b 


ab 


a 2 b 


a 3 b 


Element 





1 


2 


3 


4 


5 


6 


7 


Order 


1 


4 


2 


4 


4 


4 


4 


4 



Order 9 (2 groups) 








1 


2 


3 


4 


5 


6 


7 


8 








1 


2 


3 




5 


6 


7 


8 


1 


1 


2 


3 




5 




7 


8 





2 


2 


3 






6 


7 


8 





1 


3 


3 










8 





1 


2 


4 










Q 





1 


2 


3 


5 


*!? 




/ 







1 


2 


3 




6 




n 


3 





1 


2 


3 






7 









1 


2 


3 








8 







1 


2 


3 


v 9 









Cycle graph 






e 


a 


a 2 


a 3 


a 4 


a b 


a 6 


a 7 


a K 


Element 





1 


2 


3 


4 


5 


6 


7 


8 


Order 


1 


9 


9 


3 


9 


9 


3 


9 


9 







7 



8 











8 











5 



8 











8 







8 







7 



8 







8 



8 







Cycle graph 




C 3 xC 3 , abelian, identity element e = 0, a = e, b = e, ba = ab 
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Order 11 (1 group) 
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Cu, cyclic, identity element e = 0, a = e 
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C12, cyclic, identity element e = 0, a = e 
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C2XC6, C2 XC3, abelian, identity element e = 0, a = e, b = e, ba = ab 
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T12, dicyclic group, formed by using semi-direct product of C3 with C4, 
solvable, identity element e = 0, a 4 = e, b 3 = e, ab = b _1 a 
Also formed with e = 0, s = e, s = t , ts = s" t 
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Cycle graph 




A4, alternating group formed by using even elements from over S4, that is the 
group being formed by using permutations upon four elements, solvable, 
identity element e = 0, a 2 = e, b 2 = e, c 3 = e, ba = ab, ca = abc, cb = ac 
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Number of distinct groups possible are: 

For prime number: That only 1 cyclic group is always being possible 

Square of prime: 2 

Cube of prime: 5 

Product of two primes (pxq, p, q are primes): 

1 if p does not divide up with q-1, 2 if p divides up with q-1 



n is the product of distinct primes: X 11 (p° p(nld) - 1 )/(p- 1 ) 

din pld 

where a p (m) is the number of primes q such that qlm, plq-1 
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C4XC4, abelian, identity element e = 0, a = e, b = e, ba = ab 
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C2 , abelian, identity element e = 0, a = e, b = e, c = e, d = e, ba = ab, cb = be, db = bd, ca = ac, da = ad, dc = cd 
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Glossary of Terms: 

Let G be a finite group, of order IGI. 

• The center of G is the set of elements which commute with all elements of G. It is a normal 
subgroup of G. 

The center of G equals G if and only if G is abelian. 

• Two elements g\ and g 2 of G are conjugate, if there is an element htzG such that hg\h~ l = g2. The 
conjugacy class of an element g£G is the set of elements conjugate to g. 

• In the same way, two subgroups Hi and H2 of G are conjugate, if there is an element hGG such 
that hH^h' 1 = H 2 . 

A subgroup H is normal if there is no other subgroup conjugate to it. G is a simple group if it 
contains no normal subgroup other than G and the trivial subgroup. 

• The commutator subgroup or derived subgroup of G, [G,G], is the subgroup generated by all the 
commutators gig2gi g2 ■ It is a normal subgroup of G, the smallest such that the quotient group is 
abelian. 

[G,G] is trivial if and only if G is abelian. G is a perfect group if [G,G]=G. 

• The derived series of G is the series of subgroups 

N!DN 2 D...DN,, 
where Ni=[G,G] (the commutator subgroup), and N,=[N,_i,N,_i] for i>\. And the series stops at N* 
such that Nj=[Njt,Njt|. 

All the terms N, in the derived series are normal subgroups of G. 
G is a solvable group if the derived series stops at the trivial subgroup. 

• The exponent of G is the 1cm of orders of all elements of G. It divides IGI. 

• The lower central series of G is the series of subgroups 

N1DN2D...DN*, 
where Ni=[G,G] (the commutator subgroup), and N,=[G,N,.i] for i>\. And the series stops at N* 
such that N*=[G,Nfc]. 
All the terms N, in the lower central series are normal subgroups of G. 

• The normal closure of a subgroup H is the subgroup N of G generated by elements in H and all its 
conjugates. N is a normal subgroup of G. 

• The normalizer of a subgroup H is the largest subgroup N of G containing H, such that H is a 
normal subgroup of N. 

• Let p be a prime factor of IGI. A p-Sylow subgroup of G is a maximal subgroup H whose order is a 
power of p. IHI equals the largest power of p dividing IGI. 

A/?-Sylow subgroup needs not to be normal, but allp-Sylow subgroups are conjugate to each 
other. 

• The upper central series of G is the series of subgroups 

N!DN 2 D...DN,, 
where N,t is the center of G, and N, is the center of the quotient group G/N,+i for i<k. And either 
Ni=G, or G/Ni has trivial center. 

All the terms N, in the upper central series are normal subgroups of G. 
G is a nilpotent group if Ni=G. 



Types of groups: 

(1) Cyclic group of N elements. There exist only one cyclic group for any given 
group order, the rest of the cyclic groups of same order are all isomorphic to 
the original cyclic group. When N is prime, cyclic group is the only group 
structure that is being possible for order of N, and so is the case when N is 
square-free, i.e. N is the product of distinct primes such that for any two prime 
factors p, q of N, p does not divide q-1. For any cyclic group of order N, an 
element with order of N is known as the generator of the group. For such a 
group, there exist exactly (p(N) generators, i.e. number of numbers less thanN 
that are co-prime to N. 

(2) Abelian group formed by using direct product of two smaller cyclic or abelian 
groups. 

(3) Other non-abelian groups formed by direct product of two smaller groups. 

(4) Dihedral group of 2N elements. 

(5) Quaternion group of 2 N elements. 

(6) Symmetry group formed by permutation of N elements under composition. It 
contains N! elements. When N = 3, the symmetry group is isomorphic to the 
dihedral group of order 6. For values of N > 4, this is never true. 

(7) Alternating group formed by even permutations of N elements under 
composition operation, consisting of (N!)/2 elements. It is a subgroup of the 
symmetry group of order N ! 

(8) Groups that are being formed by using semi-direct product of two smaller 
groups. 

(9) Quasidihedral groups, Modular (Iwasawa) groups for 2 N elements. 

(10) Frobenius group, solvable group, for kMN elements, where M, N are distinct 
prime numbers such that M divides N-l. 

(11) Dicyclic group for 4N elements. For N = 2, dicyclic group is isomorphic to 
Quaternion group. When N is a power of 2, then dicyclic group is isomorphic 
to generalized Quaternion group. 

Groups of order upto 3 1 elements 

Order 2: that cyclic group only 

Order 3: that cyclic group only 

Order 4: C 4 , C 2 2 (Klein 4 group) 

Order 5: cyclic group only 

Order 6: C6, D 6 (dihedral group) <a, b I a 3 = e, b 2 = e, ba = a _1 b> 

Order 7: cyclic group only 

Order 8: C 8 , C 4 xC 2 , C 2 3 , D 8 , 

Quaternion Group Qg <a, b I a 4 = e, a 2 = b 2 , ba = a _1 b> (This is dicyclic group) 



Order 9: C 9 , C 3 2 

Order 10: Ci , Di 

Order 1 1 : cyclic group only 

Order 12: Ci 2 , C2XC6, D i2 , T i2 = semi-direct product of C3 and C4 (dicyclic group) 

<s, 1 1 s = e, s = t , ts = s" t> or also <x, y I x = e, y = e, xy = y" x>, 

A4 is the alternating group that is being formed by using even permutations from among 

four elements under composition operation. It is a subgroup of symmetry group S4. 

A4 = <a, b, c I a 2 = e, b 2 = e, c 3 = e, ba = ab, ca = abc, cb = ac> 

Order 13: cyclic group only 

Order 14: C u , D 14 

Order 15: cyclic group only 

Order 16: C 16 , C 8 xC 2 , C 4 xC 2 2 , C 4 2 , C 2 4 , D 16 , D 8 xC 2 , 

Generalized Quaternion Group (dicyclic group) Qi6 = <s, 1 1 s 8 = e, s 4 = t 2 , ts = s _1 t> 

Hamiltonian Group Q 8 xC 2 

Quasidihedral group (also known as Semidihedral group) <s, 1 1 s 8 = t 2 = e, st = ts 3 > 

Modular group (also known as Iwasawa group) <s, 1 1 s 8 = t 2 = e, st = ts 5 > 

Semi-direct product of C4 and C4 <s, 1 1 s 4 = t 4 = e, st = ts 3 > 

G 4 ,4 = Semi-direct product of C 2 2 and C4 <s, 1 1 s 4 = t 4 = e, stst = e, ts 3 = st 3 > 

Group that is being generated by using Pauli matrices 

<a, b, c I a 4 = b 2 = c 2 = e, cbca 2 b = e, bab = cac = a> 

Order 17: cyclic group only 

Order 18: C 18 , C 6 xC 3 , D 18 , D 6 xC 3 , 

(semi-direct product of C3 and C 3 )xC 2 = <x, y, z I x 2 = y 3 = z 3 = e, yz = zy, yxy = x, zxz = x> 

Order 19: cyclic group only 

Order 20: C 2 o, CioxC 2 , D 20 , Frobenius group <s, 1 1 s 4 = t 5 = e, ts = st 2 >, 

semi direct product of C5 and C4 = <s, 1 1 s 4 = t 5 = e, st = t _1 s> (dicyclic group) 

Order 21: C21, Frobenius group <a, b I a 3 = b 7 = e, ba = ab 2 > 

Order 22: C 22 , D 22 

Order 23: cyclic group only 

Order 25: C 25 ,C 5 2 

Order 26: C 26 , D 26 

Order 27: C 27 , C 9 xC 3 , C 3 3 , <s, 1 1 s 9 = t 3 = e, st = ts 4 >, 

o ■y a 

<x, y, z I x = y = z = e, yz = zyx, xy = yx, xz = zx> 

Order 28: C 28 , C 2 xC i4 , D 28 , 

semi direct product of C 7 and C4 = <s, 1 1 s 4 = t 7 = e, st = t _1 s> (dicyclic group) 

Order 29: cyclic group only 

Order 30: C 30 , D 30 , D 10 xC 3 , D 6 xC 5 

Order 3 1 : cyclic group only 



Order 24 (15 groups) 

1. Semi-direct product of C3 and Cg = <a, b I a 8 = b 3 = e, bab = a> 

2. C24 = C8XC3 

3. Semi-direct product of Qg and C3 = Special linear group over GF(3) 

<a, b I a 4 = e, a 2 = b 2 , c 3 = e, ba = a _1 b, ac = cb, cab = bo 

9 f\ 19 - 1 

4. Dicyclic group of order 24: Q i2 = <a, b I a = b , b = e, ab = b" a> 

5. D 6 xC 4 

6. D 2 4 = semi direct product of C4 and D 6 

7. Semi direct product of C6 and C4 = Dicyclic group of order 12 x C2 = T12XC2 

<a, b I a 4 = b 6 = e, bab = a> 

8. Semi direct product of C3 and D 8 

<a, b, c I a 3 = e, b 4 = e, c 2 = e, cb = b _1 c, ba = a _1 b, ac = ca> 

9. C 12 xC 2 = C 6 xC4 

10.D 8 xC3 = semi direct product of C4 and C6 = semi direct product of C2 2 and C6 

H.Q 8 xC 3 

I2.S4 is the symmetry group that is being formed by using permutations upon four 

elements, under composition operation. 
13. A4XC2 = semi direct product of C2 3 and C3 
I4.D12XC2 = D 6 xC2 2 is dihedral group that is formed from C6XC2 
15.C 6 xC2 2 = C 3 xC 2 3 
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C6XC2 = C3XC2 , abelian, identity element e = 0, a = e, b = e, c = e, ba = ab, ca = ac, cb = be 
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D24 = semi-direct product of C4 and D6, dihedral, identity element e = 0, a = e, b = e, ba = a" b 
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Cycle graph 
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D12XC2 = D6XC2 = dihedral(C6xC2), solvable, identity element e = 0, a = e, b = e, c = e, ba = a" b, ca = ac, cb = be 
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D 8 xC3 = semi-direct product of C2 and C6, nilpotent, identity element e = 0, a = e, b = e, c = e, 



Cycle graph 
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D6XC4, solvable, identity element e = 0, a = e, b = e, c = e, ba = a" b, ca = ac, cb = be 
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permutations upon four elements, under composition operation. A 4 , alternating group of order 12, is a subgroup of this group. 
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a 2 = e, b 2 = e, c 3 = e, d 2 = e, ba = ab, ca = abc, cb = ac, da = ad, db = bd, dc = cd 



Cycle graph 



^W 






e 


a 


b 


ab 


c 


ac 


be 


abc 


c 2 


ac 2 


be 2 


abc 2 


d 


ad 


bd 


abd 


cd 


acd 


bed 


abed 


c 2 d 


ac 2 d 


bc 2 d 


abc 2 d 


Element 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


Order 


1 


2 


2 


2 


3 


3 


3 


3 


3 


3 


3 


3 


2 


2 


2 


2 


6 


6 


6 


6 


6 


6 


6 


6 







6^ 

7 



10. 

11 

12 
13 



14 



15 



16 



17 



18 



19 



20 



21 



22 



23 



0^ 




10_ 

12^ 
13 



14 



15 



17 



18 



19 



20 



21 



22 







10_ 
11 

12 



13 



14 



17 



18 



19 



16 



20 



21 







o 



11 

8 



14^ 
15 



12 



13 



18 



iy 



17 



22 



20 



22 21 20 17 







U 

8 



13_ 
14 



15 



12 



19 



17 



18 



21 



22 



5 







11 
13_ 

11 
15 



11 



8 



20 



21 



22 



18 



19 



0^ 

11 
14 

15 

12 

9 

10 



11 



8 



21 



22 



20 



17 



18 



19 



6 







11 
11 

11 
13 



10 



11 



22 



20 



21 



17 



18 



19 18 



7 







11 

11 

11 
14 



10 



20 



21 



22 



17 



8 



10 
11_ 

11 

11 

11 
15 



11 
18 



21 



22 







11 
jj_ 

8_ 

11 
11 
11 
11 
11 
11 
19 



21 



22 







11 

11 
11 

8 



11 

11 

11 

11 
18 



16 

11 

22 



20 



21 







11 

8 



10 

11 

11 

11 
12 



11 

11 
21^ 

22 



23 



20 







Q8XC3, nilpotent, identity element e = 0, a = e, b 



12 

11 

11 

11 
15 



8 



20 
21 

22 



18 



16 



17 







11 

11 

11 

11 
12 



8 

11 

22 



17_ 
18 



19 



16 







14 

11 

11 

11 
13 



22 



20 
21 



17 



18 



19 







15 
15 
12 

11 
14 

11 

8~ 



20 

11 

22 



17 



18 







16 



17 

11 
19 

11 
21 

22 







12 



13 



14 



15 



17 
17 

11 
19 

16 

11 
20 

21 

22 







10 



1 1 



15 



12 



13 



14 



11 

11 
19 



11 

22 



11 
21 







10 



11 



14 



15 



12 



13 



11 
19 



11 

11 
21_ 

22 



20 







4 



11 



8 



13 



14 



15 



12 



~~ *5 — ^ — 

= a , c = e, ba = a _1 b, ca = ac, cb = be 



20 

11 
21 

22 



18 



17 










12 



13 



14 



15 



10 



21 
21_ 

22 



11 

11 

11 
1Q 







13 



14 



15 



12 



22 
22 



11 
21 



11 
18 



iv 



0^ 

1 



14 



15 



12 



13 



8 



11 



23 



11 
21 

22 

19 



11 
18 







15 



12 



13 



14 



11 



8 



10 



Cycle graph 











e 


a 


a 2 


a 3 


b 


ab 


a 2 b 


a 3 b 


c 


ac 


a 2 c 


3 

a c 


be 


abc 


a 2 bc 


a 3 bc 


c 2 


ac 2 


J-J- 
a c 


a c 


be 2 


abc 2 


a be 


a 3 bc 2 


Element 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


Order 


1 


4 


2 


4 


4 


4 


4 


4 


3 


12 


6 


12 


12 


12 


12 


12 


3 


12 


6 


12 


12 


12 


12 


12 








1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 








1 


2 


3 




5 




7 


8 


9 


10 


11 


12 


13 


14 


15 




17 


18 


19 


20 


21 


22 




1 


1 


2 


3 





5 








9 


10 


11 


8 


13 


14 


15 


12 


17 


18 


19 




21 


22 






2 


2 


3 





1 








5 


10 


11 


8 


9 


14 


15 


12 


13 


18 






17 


22 






21 


3 


3 





1 


2 






5 




11 


8 


9 


10 


15 


12 


13 


14 


19 




17 


18 






21 


22 


4 




9 


6 


11 


8 


1 


10 


3 





g 


2 






21 


18 




20 


13 


22 


15 


12 


17 


14 


19 


5 


5 


10 


H 


8 


9 


2 


11 





1 




3 




17 


22 


19 




21 


14 




12 


13 


18 


15 




6 


6 


11 






10 


3 


8 


1 


2 









18 






21 


22 


15 




13 


14 




12 


17 


7 


7 


8 


5 


10 


11 





9 


2 


3 




1 




J." 


20 


17 


22 




12 


21 


14 


15 




13 


18 


8 


8 


5 


10 


7 





9 








1 




3 


20 


17 


22 


19 


12 


21 


14 


23 


16 


13 


18 


15 


9 


9 




11 


4 


1 


10 


3 


8 


5 


2 







21 


18 






13 


22 


15 


20 


17 


14 




12 


10 


10 




8 


5 


2 


11 





9 




3 




1 


22 




20 


17 


14 




12 


21 


18 


15 




13 


11 






9 




3 


8 


1 









5 


2 








18 


15 




13 


22 


19 


12 


17 


14 


12 


12 


13 


14 


15 




17 


18 






21 









1 


2 


3 










8 


9 






13 


13 


14 


15 


12 


17 


18 


19 


16 


21 


22 


23 




1 


2 


3 





5 


6 


7 


4 


9 


10 


11 


8 


14 


14 


15 


12 


13 


18 


19 


16 


17 


22 


23 


20 


21 


2 


3 





1 


6 


7 


4 


5 


10 


11 


8 


9 


15 


15 


12 


13 


14 


19 




17 


18 






21 


22 


3 





1 


2 






^ 






O 


9 




16 




21 


18 




20 


13 


22 


15 


12 


17 


14 






9 








1 




3 







2 




17 


17 


22 






21 


14 




12 


13 


18 


15 




5 


10 






9 


2 







1 




3 




18 


18 


^ 1 




21 


22 


15 




13 


14 




12 


17 


6 


11 




9 




3 


O 


1 











19 


19 




17 


22 




12 


21 


14 


15 




13 


18 


7 


8 


5 


xu 







9 


2 


3 




1 





20 


20 


17 


22 


19 


12 


21 


14 






13 


18 


15 


8 


5 


10 


7 





9 


2 






1 


6 


3 


21 


21 


18 


23 




13 


22 


15 




17 


14 




12 


9 








1 




3 


8 


5 


2 







22 


22 


19 


20 


17 


14 




12 


21 


18 


15 




13 








c 


2 







9 


6 


3 




1 


23 


23 


16 


21 


18 


15 




13 


22 




12 


17 


14 














1 


10 







5 


2 



T12XC2 = dicyclic group of order 12 x C2 = 
identity element e = 0, a 4 = e, b 6 = e, bab = 
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Q12 = dicyclic group of order 24, solvable, identity element e = 0, a = e, b = a , ba = a" b 
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SL 2 (3) is that Special Linear Group over GF(3), solvable, identity element e = 0, 

a 4 = e, b 2 = a 2 , c 3 = e, aba = b, cb = ac, cab = be 
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Thus, of course that it is true that each group of order 24 elements has got some different 
element order sequence from every other non-isomorphic group of that same order itself! 
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Some more of that extra terms for study upon that group theory concepts 

If H is a subgroup of group G, and then a is an element of G, then the left coset aH is 

defined by set of all elements a.h for each element h from within H. The right coset Ha is 

given up by set of all elements h.a for each element h from within H. These left cosets and 

right cosets are subsets of elements of that group G itself. In any Abelian group, each left 

coset coincides with its corresponding right coset. The number of distinct left or right 

cosets of H in G is called as index of H in G. If H is normal subgroup of that group G, then 

set of all left cosets of G forms a group with respect to multiplication of left coset and is 

defined as (aH)(bH) = (ab)H, and is known as that factor group or that quotient group GIH. 

This same thing is indeed true for that right coset as well, with (Ha)(Hb) = H(ab). The 

quotient group that is being obtained by using left coset, and that obtained by using right 

coset are both always being isomorphic to each other. 

If G and H are two groups with same number of elements (either finite or infinite), then G 

and H are homomorphic to each other, if there exists some function f from elements of G 

to H, such that for all pairs of elements a, b from within G, f(a.b) = f(a).f(b) holds out. The 

kernel of homomorphism f from group G to group H is the set of all elements of G that are 

being mapped up onto the identity element e of G, by using that function f itself. 

In order words, that is, kernel of homomorphism f is equal to <a belongs to G, such that f(a) = e> 



